A dextransucrase with high affinity for Sephadex G-100 gel was purified from Leuconostoc mesenteroides' NRRLB-512F. The purified enzymewas very similar in its subunit molecular weight and properties to those of the main component of dextransucrase from B-5 12F. The stability of the enzyme was significantly increased by glycerol (33%) and bovine serum albumin (0. 1 %). Addition of exogenous dextran stimulated the sucrase activity (reducing sugar production) 1.3-fold, and the transferase activity (dextran synthesis) was increased 9.6-fold. Thus, the exogenous dextran clearly improved the efficiency of polymer synthesis. A micro-determination of enzyme activity by a fluorescent reagent BEC(borate ethanolamine complex) allowed for kinetic examination at lower substrate concentrations, which gave biphasic double reciprocal plots for the substrate sucrose.
can 6-a-D-glucosyltransferase, EC 2.4. 1.5) has been studied by various groups and there are many papers describing the purification and properties of the B-512F enzyme.2~8) Wehave demonstrated, for the first time, the multiple form of the B-512F dextransucrase and separated the enzyme into two forms.9) A major form of the enzyme (dextransucrase I) was eluted at the breakthrough fraction of Sephadex G-100 column, whereas a small amount of a second component (dextransucrase II) with high affinity for the Sephadex gel, was obtained by the elution with a substrate dextran.9) To compare the properties of enzyme II with those of enzyme I, we have further purified the second component and examined some kinetic properties using a micro-determination method.
MATERIALS AND METHODS
Materials. A clinical dextran (MW75,000 ± 25,000) and an endodextranase preparation from Chaetomiumgracile10) were kindly provided by Meito Sangyo Co., and Sankyo Co., Japan, respectively. Pullulan PF-30 (MW 284,000) was a product of Hayashibara Biochemical Laboratories, Inc., Japan. A fluorescent reagent, borate ethanolamine complex (BEC), was prepared by the method of Kato and Kinoshita.n) Purification of dextransucrase II. Leuconostoc mesenteroides NRRLB-512F was cultured with 2% sucrose as described previously.9) Cells were harvested by centrifugation at 8,000xg for 20min at 0°C, and the culture supernatant was adjusted to pH 5.2 with 1m NaOH solution. The following purification steps were done at 0 to 4°C. To the culture supernatant was added chilled ethanol (36%, v/v) and a few drops of saturated CaCl2 solution, and the resulting precipitate was collected immediately by centrifugation (5,000 x g for 15 min). The precipitate was dissolved in lOmMphoshate buffer (pH 6.0) and then put on a DEAE-cellulose column (3.8 x 15cm) equilibrated with the above buffer. The column was washed with the equilibrating buffer and eluted with the same buffer containing NaCl (linear gradient, 0~0.4m). The fractions with activity were pooled and concentrated with an ULVAC micropore ultra filtration apparatus using a G-10T membrane. The enzyme was put on a Sephadex G-100 column (2.7 x 22cm) as described previously.9) The major part of the enzyme (dextransucrase I) was eluted at the void volume fraction (Fig. 3 in ref. 9 ). After the elution of low molecular weight proteins, the column was washed with two column volumes of0.02% sodium azide and then eluted with 0.5% clinical dextran in azide. The fractions containing activity were pooled and concentrated with a collodion bag (Sartorius membrane filter, collodion-bag 12). The concentrate was put on a Sepharose 6B column (1.4 x 80cm), equilibrated with 0.02% sodium azide, and eluted with the same solution. The fractions with activity were pooled and concentrated as before.
Enzymeassay. The standard method for assay of the dextransucrase has been described,12) and was used during the enzyme purification.
For micro-measurement of enzyme activity, 50 /A of the reaction mixture was mixed with 50/il of20% (w/v) BEC solutionn) and heated for 20min in a boiling water-bath. After 2-fold dilution with water, the fluorescent intensity was measured with a JASCO spectrofluorometer FP-550 (Nippon Bunko Co., Japan) with a 15/A flow-cell and peristaltic pump. The wavelengths of excitation and emission were 342 and 432nm, respectively.
The As shown in Fig. 1 , the fluorescent intensity of standard D-glucose was higher than that of dfructose and the ratio was 1.00:0.58. At least 50ng of reducing sugar per tube (about 0.28 nmol) could be measured by our modified procedure. This procedure is about 100 times as sensitive as the Nelson-Somogyi method. Moreover, the product dextran was also mea- Dextransucrase II eluted with 0.5% clinical dextran from a Sephadex G-100 column (step 4) was put on a Sepharose 6B column (1.4x80cm) and eluted with 0.02% sodium azide solution. #. enzymeactivity; å , total sugar. produce reducing sugars from the polymer dextran ( Fig. 1) . Addition of pullulan PF-30 was helpful to stimulate the ethanol precipitation of a small amountof product dextran, and PF-30 was not susceptible to the endodextranase. Although our fluorometric procedure was not superior to the use of Relabeled substrate, the BEC reagent gave sufficient results to examinethe kinetic properties of dextransucrase, especially to detect a small change of activity at lower levels of substrate sucrose (less than 10niM), as described later. Coomassie brilliant blue (lane a). PAGE(5% gel) in Trisbarbital buffer (pH 7.5) was done for 90min using 2mA per column. Protein bands were stained as described above (lane b).
Purification of dextransucrase II
In our previous paper, we described the purification and properties of dextransucrase (I) from Leuconostoc mesenteroides NRRLB-512F strain.9) This enzyme was eluted at the void volume fraction of a Sephadex G-100 column,9) while about 10% of activity put on was bound tightly to the column and could be eluted with 0.5% clinical dextran. To examine the characteristics of the G-100 bound enzyme (dextransucrase II) in detail, this enzyme was further purified by a Sepharose 6B column, wherean excess of exogenousclinical dextran was removed (Fig. 2) . The purified dextransucrase II had a specific activity of 25.8 units/ mg, and 679-fold purification was attained (Table I ). The purified enzyme gave a single protein band on SDS-PAGE (Fig. 3, lane a) , and the molecular weight was 65,000. PAGE analysis also showed that the purified enzyme gave a single protein band (Fig. 3, lane b) corresponding to the enzyme activity. Since the purified dextransucrase II was eluted at the void volume fraction of Sepharose 6B column having an exclusion limit of MW4x 106 (Fig. 2) , the purified enzyme might be isolated in an aggregate of subunits of MW 65,000. Moreover, it is also probable that the enzyme complexes with a small amount of endogenous and/or exogenous dextran molecules.
Properties of purified dextransucrase II
The optimum pH (5.2) and temperature (30°C) of the dextransucrase II were almost identical with those of dextransucrase L9)
Removalof clinical dextran from the enzyme preparation by Sepharose 6B column chromatography (Fig. 2) made the enzyme very unstable. Addition of 33% glycerol stabilized the enzyme, while 0.1% BSA(bovine serum albumin) and 10mMCa2+ were less effective (Table II) . For the storage of purified enzyme, 33% glycerol and 0.1% BSA solution of enzyme was placed in a deep-freezer, which retained more than 80%of its activity after several months.
Activation of dextransucrase II Dextransucrases are activated by exogenous dextran9'16~18) but our previous paper indicated that the B-512F dextransucrase I was only slightly activated by the addition of exogenous dextran.9) Therefore, activation of dextransucrase II was examined in detail. In this paper, "activation" represents an increase in the velocity of the enzyme reaction caused by the addition of exogenous dextran. In the absence of clinical dextran, the amount of free D-glucose produced by a glucosyl transfer from substrate sucrose to water molecule was almost comparable to that of D-fructose (Table III) . Moreover, the amount of synthesized dextran produced by the glucosyl transfer reaction was less than 10%of the released D-fructose, and the efficiency of polymer synthesis was only 9.4%. In the presence of clinical dextran, in contrast, D-fructose production (sucrase activity of dextransucrase) was increased 1.3-fold and dextran synthesis (transferase activity) was increased about 9.6-fold, which led to a significant decrease of the amount of free D-glucose. The efficiency of polymer synthesis was increased 7.6-fold (Table III) . Moreover, a lag period of dextran synthesis (about 30min) was completely abolished by the addition of exogenous dextran (data not shown).
Kinetic analysis of dextransucrase II
A double reciprocal plot of varying concentrations of sucrose was biphasic (Fig. 4) . The Km values for lower and higher concentrations of sucrose were evaluated by the assay systems, for reducing sugars and for the product dextran. Whenthe initial velocity was assayed for the reducing sugar released (Fig.   4a ), Kmvalues were 3.1 mMfor lower sucrose activated by the exogenous dextran, showing a strict primer dependency, whereas some enzymes were independent on the addition of dextran.20'21 } Although extensive purifications of dextransucrase from Leuconostoc species were attained, only a small extent of activation (less than 3-fold) was observed with these enzymes,9'18) when the enzyme activity was measured by the release of reducing sugar.
Based on the ping-pong Bi-Bi mechanism proposed for the dextransucrase reaction,22) both reducing sugar (D-fructose) producing and polymer (dextran) producing activities, corresponding to the sucrase and transferase activities, respectively, were individually measured (Table III) The addition of BSA and glycerol improved the stability of purified dextransucrase II (Table II) . Tween 80 and polyethylene glycol were also reported to stabilize the B-512F
enzyme.25) Most of the enzymatic properties of dextransucrase II studied were similar to those of dextransucrase I. Based on the relation between log [Rmx 10/(1-Rm)]
vs. degree of association of enzyme or protein,24) the Rm (relative mobility) value of 0.30 (Fig. 3) indicated that the dextransucrase II was composed of five subunits of a protomer (MW 65,000). 26) Difference in the binding ability of dextransucrase I and II to the Sephadex gel might be ascribed to whether the enzyme molecules contain an endogenous dextran or not, and the latter form ofenzyme would have a high affinity for dextran gels.
Micro-measurement of enzyme activity enabled to measure the initial velocity at low levels of substrate sucrose. Similar to the Streptococcus enzyme,16) biphasic kinetics were obtained with the Leuconostoc dextransucrase (Fig. 4) . Change of the Kmvalues with the varying concentration of substrate indicated that dextransucrase II might have allosteric properties as mentioned in our previous paper.12)
